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Full-Endoscopic Interlaminar and Transforaminal
Lumbar Discectomy Versus Conventional
Microsurgical Technique
A Prospective, Randomized, Controlled Study
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Study Design. Prospective, randomized, controlled
study of patients with lumbar disc herniations, operated
either in a full-endoscopic or microsurgical technique.

Objective. Comparison of results of lumbar discecto-
mies in full-endoscopic interlaminar and transforaminal
technique with the conventional microsurgical technique.

Summary of Background Data. Even with good re-
sults, conventional disc operations may result in subse-
quent damage due to trauma. Endoscopic techniques
have become the standard in many areas because of the
advantages they offer intraoperatively and after surgery.
With the transforaminal and interlaminar techniques, 2
full-endoscopic procedures are available for lumbar disc
operations.

Methods. One hundred seventy-eight patients with
full-endoscopic or microsurgical discectomy underwent
follow-up for 2 years. In addition to general and specific
parameters, the following measuring instruments were
used: VAS, German version North American Spine Soci-
ety Instrument, Oswestry Low-Back Pain Disability Ques-
tionnaire.

Results. After surgery 82% of the patients no longer
had leg pain, and 14% had occasional pain. The clinical
results were the same in both groups. The recurrence rate
was 6.2% with no difference between the groups. The
full-endoscopic techniques brought significant advan-
tages in the following areas: back pain, rehabilitation,
complications, and traumatization.

Conclusion. The clinical results of the full-endoscopic
technique are equal to those of the microsurgical tech-
nique. At the same time, there are advantages in the
operation technique and reduced traumatization. With
the surgical devices and the possibility of selecting an
interlaminar or posterolateral to lateral transforaminal
procedure, lumbar disc herniations outside and inside

the spinal canal can be sufficiently removed using the
full-endoscopic technique, when taking the appropriate
criteria into account. Full-endoscopic surgery is a suffi-
cient and safe supplementation and alternative to micro-
surgical procedures.

Key words: endoscopic discectomy, transforaminal
discectomy, interlaminar discectomy, percutaneous disc-
ectomy, lumbar disc herniation. Spine 2008;33:931–939

In spine surgery, the open interlaminar access has been
described since the early 20th century.1–6 Thirty years
after its introduction, alternative methods for operating
disc pathologies were developed.7 The posterolateral ac-
cess for vertebral body biopsies was described in the late
1940s.8 Percutaneous operations have been performed
since the early 1970s.9 –14 In the late 1970s, a micro-
surgical procedure involving a microscope was devel-
oped to gain interlaminar (IL) access.9,15–17 Endo-
scopes have been used since the early 1980s to inspect
the intervertebral space after completed open sur-
gery.18 The full-endoscopic (FE) transforaminal (TF) op-
eration with posterolateral access evolved out of
this.19–34 Endoscope-assisted IL procedures were re-
ported in the literature in the late 1990s.2,35–38 The lat-
eral access in FE TF surgery to optimize the route to the
spinal canal under continuous visualization has been
performed since the late 1990s.39 The development of the
FE IL access was seen at the same time.40–42

Conventional surgeries have been associated with
good results.43–50 Nonetheless, 1 operative conse-
quence is scarring of the epidural space,43,51–55 which
may be apparent on magnetic resonance imaging43,56

but becomes clinically symptomatic in 10% or more of
cases51,52,55 and makes revision surgery more difficult.
An analysis of study results revealed the occurrence of
operation-induced destabilization due to the necessary
resection of spinal canal structures.1,47,57–62 The point of
access influences the stabilization and coordination sys-
tem in the innervation area of the dorsal nerve roots of
the spinal nerves.53,63,64 The combination of these param-
eters may explain poor revision-related results.52,65,66 The
use of microsurgical techniques has reduced tissue dam-
age and its consequences.38,67,68 Although conditions of
postoperative pain are treatable,54,69,70 continuous tech-
nical optimization should be attempted. The goal of a
new procedure must be to achieve results that commen-
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surate with current results71 while minimizing traumati-
zation and its negative long-term consequences.

Minimally-invasive techniques can reduce tissue damage
and its consequences.38,67,68 Endoscopic operations have
become the standard in many areas. The most widely used
FE procedure in patients with lumbar disc disease is TF
surgery.19–23,26–34,72 Laser and bipolar current may be
applied.73–75 Removal of the intra- or extraforaminal
sequestered material is technically possible.26,76 Resec-
tion of the sequestered nucleus pulposus material within
the spinal canal—that is, a retrograde resection per-
formed intradiscally through the existing anular de-
fect— has been described.19 –21,31,32,34,77–79 Nonethe-
less, difficulty in achieving an adequate resection of
herniated discs within the spinal canal cannot always
be excluded.20,39,80 – 82 With the lateral approach, the
spinal canal can be reached more sufficiently under con-
tinuous visualization,39 But the osseous perimeter of the
foramen and the exiting nerve can limit the working mobil-
ity and excision of dislocated herniated material.20,31,39

Moreover, the pelvis and the abdominal structures may
block access. Thus, there can be limitations to the TF
procedure.39,40–42 The FE IL access has been developed
to enable the extirpation of pathologic entities not suc-
cessfully achieved using the TF technique.40–42

The goal of this prospective, randomized, controlled
study was to compare the results of lumbar discectomies
in FE technique via IL and TF approach with those of the
conventional microsurgical technique.

Materials and Methods

Patient Characteristics
In the prospective, randomized, controlled study, we enrolled
200 patients with clinically-symptomatic disc herniation who
underwent discectomies in 2004. There were 116 female and
84 male patients whose age ranged from 20 to 68 years (mean,
43 years). The duration of pain ranged from 1 day to 16
months (mean, 82 days). One hundred sixty-two patients had
received a mean of 9 weeks conservative treatment. The indi-
cation for surgery was defined according to present-day stan-
dards based on radicular pain symptoms and existing neuro-
logic deficits.83,84

Study Groups
One hundred patients each underwent conventional microsur-
gical (MI), or FE (41 � TF, 59 � IL) discectomy. Randomiza-
tion was open, since the patients may identify the operation
procedure. After determination of the general indication for
disc surgery by experienced physicians who were not involved
in the operation, randomized assignment was made by nonphy-
sician study staff alternately to the MI or FE group in the se-
quence of presentation. The surgeon in each case selected the
access within the MI and FE group. All operations were per-
formed by 2 surgeons, who have many years of experience in
both techniques.

Seventy-seven interventions were performed at the L5–S1
level (39 � MI, 2 � TF, 36 � IL), 64 at L4–L5 (31 � MI, 20 �
TF, 13 � IL), 45 at L3–L4 (25 � MI, 13 � TF, 7 � IL), 12 at
L2–L3 (5 � MI, 4 � TF, 3 � IL), and 2 at L1–L2 (0 � MI, 2 �
TF, 0 � IL).

Inclusion Criteria
All forms of disc herniations were included in the study and
randomly assigned to the MI or FE group.

All disc herniations in the MI group localized within the
spinal canal were operated under paramedian IL access. A lat-
eral foraminal access was used in the intra- or extraforaminal
herniations.

In the FE group all extra- and intraforaminal disc hernia-
tions were considered as inclusion criteria for TF access.
Based on our earlier experience with limited technical
mobility,39,85,86 we applied the following inclusion criteria for
the TF access if the herniated disc was within the spinal canal:
(1) sequestering of material located cranially below the lower
edge of the cranial pedicle or caudally not over the middle of
the caudal pedicle, and (2) lateral radiologic evidence that the
foramen was not overlaid by the pelvis beyond the middle of
the cranial pedicle.

The inclusion criteria for IL access were disc herniations
located mainly inside the spinal canal, which in our experience
were technically difficult to treat using the TF technique given
the aforementioned criteria.

Operative Technique
The conventional microsurgical operations were performed
with paramedian or lateral access in known standardized tech-
nique using a microscope.

The FE TF procedure was performed with access as lateral
as possible in the technique described earlier.39,85,86 An atrau-
matic spinal cannula is inserted via the 6 mm skin incision.
After insertion of a lead wire, the cannulated dilator is pushed
in. Then a surgical sheath with beveled opening is placed.
Thereafter, decompression is performed while maintaining vi-
sual control and constant irrigation (Figures 1–3). If the ana-
tomic osseous diameter of the intervertebral foramen does not
permit direct entry into the spinal canal, the opening is ex-
panded using burrs. In intra- or extraforaminal herniations, or
in cases where the position of the exiting nerve is not clear, an
extraforaminal approach is made at the caudal pedicle.

The FE IL operation was performed in the technique de-
scribed earlier.40–42,85,87 A dilator is inserted bluntly to the
lateral edge of the IL window and an operation sheath with
beveled opening directed toward the Ligamentum flavum.
Thereafter, the procedure is performed under visual control

Figure 1. Lateral approach for the full-endoscopic transforaminal
operation.
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and constant irrigation (Figures 4–6). A lateral incision of ap-
proximately 3 to 5 mm is made in the Ligamentum flavum. If
the anatomic osseous diameter of the IL window does not allow
direct access into the spinal canal through the Ligamentum
flavum, the opening is expanded further using a burr.

The operation was performed in all groups under general
anesthesia. Drainage was applied only in the MI-group. Se-
questrotomy alone was performed in small or covered anular
defects when the sequestered disc material exceeded the level of
the intervertebral space toward cranial or caudal (43 � MI,
39 � FE).

Full-Endoscopic Instruments
The rod-lens optics have an outer diameter of 6.9 mm. The
optics contain an intraendoscopic, excentric working canal
with a diameter of 4.2 mm. The angle of vision is 25°. The
working sheaths used have an outer diameter of 7.9 mm and a
beveled opening, which enable creation of visual and working
fields in an area without clear anatomically-preformed cavity.
All of the operating instruments and optics were products sup-
plied by WOLF (Richard Wolf GmbH, Knittlingen, Germany).

Follow-up
Follow-up examinations were conducted at day 1 (200 pa-
tients) and at months 3 (193 patients), 6 (189 patients), 12 (185
patients), and 24 (178 patients) after surgery. All patients re-
ceived the appropriate questionnaire by mail 4 working days in
advance. They came personally to the clinic for follow-up ex-
amination. The examinations were performed by 2 physicians
in the clinic, who were not involved in the operations. In addi-
tion to general parameters, other information was obtained
using the following instruments: a VAS for back and leg pain,
the German version of the North American Spine Society in-
strument,88,89 and the Oswestry Low-Back Pain Disability
Questionnaire (ODI).90

Statistical Analysis
The Wilcoxon’s rank sum test and the Mann-Whitney U test
were applied for the comparison of pre- and postoperative
global results and comparison of results in the MI versus the FE
group at various times. The McNemar-Test was used to com-
pare the characteristics of the groups.

The descriptive assessments and analytical statistics were
performed depending on the group characteristics with the pro-
gram package SPSS. A positive significance level was assumed
at probability of less than 0.05.

Figure 2. Intraoperative C-arm image of the transforaminal oper-
ation.

Figure 3. Intraoperative view in transforaminal access with the
dura of the cauda equina (long arrow), posterior longitudinal
ligament (short arrows), and intervertebral disc (crosses).

Figure 4. Interlaminar approach for the full-endoscopic operation.

Figure 5. Intraoperative C-arm image of the interlaminar opera-
tion.
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Results

Baseline Characteristics
One hundred seventy-eight (89%) patients were in-
cluded in follow-up after 2 years [87 � MI, 91 � FE
(38 � TF, 53 � IL)]. The remaining cases were lost for
the following reasons: 1 operation-unrelated death, 3
patients moved away and left no forwarding address,
12 patients did not respond to letters or telephone calls,
3 patients underwent revision surgery with conventional
spinal canal decompression, and 3 underwent fusion.
The patient population was equal in the MI and FE
groups. Overall, there were no differences in results in
dependence on the individual surgeons.

Operative Technique
The mean operating time in the FE-group was 22 min-
utes (13–46), and thus significantly shorter (P � 0.001)
than in the MI-group at 43 minutes (34–72). There were
no significant differences within the FE-group (TF 14–
37, IL 13–46 minutes). The mean intra- and postopera-
tive blood loss was 45 mL (5–235) in the MI-group; there
was no measurable blood loss in the FE-group.

Complete removal of sequestered disc material ap-
peared technically possible based on intraoperative con-
trol in combination with the clinical results in both
groups. Nonetheless, it cannot be entirely ruled out that
portions of the sequester may remain.

Access-related osseous resection was required in 91
cases (91%) in the MI group and in13 cases (13%) in the
FE group (4 � TF � 9.8%, 13 � IL � 22.0%) (P �
0.001).

Perioperative Complications
There were no serious complications in either group,
such as dural/nerve injury or cauda equine syndrome.
Eight patients developed a transient postoperative dyses-
thesia (5 � MI, 1 � TF, 2 � IL). In the MI-group, 2
patients had postoperative bleeding, 1 patient delayed

wound-healing, 1 patient a soft tissue infection, and 3
patients transient urinary retention. There were no other
complications like spondylodiscitis or thrombosis. Over-
all, the complication rate was significantly elevated in the
MI group (P � 0.05).

Recurrences
Differentiation was made between 2 types of disc dam-
age: small or covered anular defects; large anular defect.
Overall, recurrence was observed in 11 patients (6.2%),
5 times in the MI-group (5.7%) and 6 times in the FE-
group (6.6%) (3 � TF � 7.8%, 4 � IL � 5.7%). There
were no significant differences. Two recurrences were in
the group with small anular defect (1 � MI, 1 � IL), 9 in
the group with large anular defect (4 � MI, 3 � TF, 3 �
IL) (P � 0.01). All patients were reoperated in the same
technique as before. The mean operation time in revi-
sions was 57 minutes in the MI-group and 25 minutes in
the FE-group. Two patients in the TF-group suffered an-
other recurrence. These repeated recurrences consisted
histologically to more than 75% of endplate material.

Clinical Outcome
Figures 7–10 show VAS pain scores, ODI scores, and
North American Spine Society Instrument scores. There
is constant and significant (P � 0.001) improvement in
leg pain and daily activities in all groups. After 2 years,
146 (82%) patients no longer had leg pain (69 � MI �
79%, 77 � FE � 85%), 25 (14%) had pain occasionally
or the pain was greatly reduced (13 � MI � 15%, 12 �
FE � 13%) and 7 (4%) experienced no essential im-
provement (5 � MI � 6%, 2 � FE � 2%) (Figure 11).
The differences in results between the groups were not
significant. Twelve patients suffered progradient back
pain [10 � MI, 2 � FE (P � 0.01)]. Overall, 6 patients
(3.3%) (5 � MI, 1 � FE) underwent revision with spinal
canal expansion3 and with fusion.3 Neurologic deficits
were significantly (P � 0.001) reduced when the pa-
tient’s history of pain was less than 6 days.

One hundred sixty-four (92%) of 178 patients re-
ported subjective satisfaction and would undergo the op-

Figure 6. Intraoperative view in interlaminar access with the fla-
vum ligament (crosses), the traversing nerve (stars), dura of the
cauda equina (short arrows), axilla and defect in the anulus (long
arrow).

Figure 7. Mean values of VAS leg and back and Oswestry in the
MI-group.
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eration again (77 � MI � 88%, 88 � FE � 97%). Over-
all, 13 patients had a poor result in terms of no leg pain
reduction (7 patients) or had to undergo conventional
revision surgery later for persistent leg or back pain (6
patients). Counting the recurrences, a total of 17 (11%)
of 184 patients underwent revision (10 � MI, 7 � FE).

Postoperative pain and pain medication were signifi-
cantly reduced in the FE-group (P � 0.01). The mean
postoperative work disability in the FE-group was 25
days versus 49 days in the MI-group (P � 0.01).

Discussion

To guarantee complete decompression, herniated discs usu-
ally have to be resected under visual control, even when a
FE technique is used. In terms of posterolateral TF access,
various authors have described the removal of seques-
tered discs from the epidural space via resection from
inside the disc through the anular defect.19–21,31,32,34

Some authors have described the resection of all forms of
disc herniations.32,34,78,79,91 The lateral TF access opti-
mizes the route to the spinal canal.39,85,86 We, however,
see limitations in performing TF procedures, even with a

lateral approach.20,39,80–82,85,86 For this reason, the in-
dications, as previously described, could be helpful.
Therefore, we use the IL approach in cases in which the
herniations are, in our opinion, technically inoperable
with the transforminal technique.40–42,85 The develop-
ment of optics with 4.2 mm intraendoscopic working chan-
nel and corresponding instruments, shavers and burrs ex-
pands the indication spectrum. Parameters such as the
osseous diameter of the IL window and intervertebral fora-
men or the extent of sequestering of the disc material are no
longer contraindications and thus operation of every disc
herniation is technically possible.39–42,85–87

Studies of endoscopic TF discectomies discuss various
operating techniques and indication criteria, but describe
good clinical results.19–21,31–34,39,40,78,79,85,91–94 The
same results are reported for the FE IL operation.39–41,85

Microscopic-assisted discectomies achieve good results
between 75% and 100%.44–50,95 In our study, the clini-
cal results agree with the data in the literature. Compar-
ison studies are hardly still comparative given the oper-
ative procedures possible today.46,96–99 In our study, a
significant and constant improvement was achieved in

Figure 10. Mean values of NASS pain and neurology in the FE-
group.

Figure 11. Clinical results in percent in the MI- and FE-group.

Figure 8. Mean values of VAS leg and back and Oswestry in the
FE-group.

Figure 9. Mean values of NASS pain and neurology in the MI-
group.
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the MI- and FE-groups after 2 years without significant
differences.

Significantly more patients in the MI-group suffered
progradient back pain. Five patients in the MI-group and
1 patient in the FE-group underwent revision with spinal
canal expansion or fusion. When resection of spinal ca-
nal structures is avoided or the extent reduced, the min-
imally traumatic disc resection appears capable of reduc-
ing operation-induced consequences.47,55,100 –109

Postoperative pain and work disability were significantly
reduced in the FE-group. The rate of nonserious compli-
cations was significantly elevated in the MI-group. The
results of these parameters in a literature comparison
also favor the FE-group.80,101,108,110–120 The reduction
of neurologic deficits cannot be predicted on the basis of
known results.52,121

The rate of recurrent disc herniations was 6.2% and
showed no significant differences. The rate corresponds
to data in the literature.122–126 A large anular defect
brought a significantly higher recurrence rate, despite
intravertebral extirpation, than a smaller or covered de-
fect. Thus, in our study, an increasing recurrence rate in
pure sequestrotomies could not be confirmed. The tech-
nical limitations described in extirpation of the intraver-
tebral space in FE technique had no negative ef-
fects.39,40,85 The type of disc herniation and anular
defect appear to be related to the recurrence rate.127,128

Minimization of the operation-related anular defect,
which is attained in the FE technique, has been discussed
as a protective biomechanical factor.125,129

The FE discectomy is possible in uniportal approach
in all disc herniations, as reflected in the results of previ-
ous studies.39–42,85–87 The optics and instruments offer
the possibility of bone resection. Thus there are no longer
access-related limitations with respect to foraminal ste-
nosis or recess stenosis. The mean operation time in the
FE-group of 22 minutes was significantly shorter than in
the MI-group with a mean of 42 minutes. No blood loss
was observed in the FE-group, no drainage was required.
The necessity of resection stabilizing structures was sig-
nificantly reduced in the FE-group. The FE revisions,
un-like those of the MI group, were neither made more
difficult nor required longer operation time.130 By contrast,
epidural scarring, which is made more difficult by revision
operations, is expected after the use of conventional tech-
niques.43,51–53,55,56,131 Reduced trauma of the Ligamen-
tum flavum appears to have certain advantages.121,132

When the Ligamentum flavum is incised, the opening
can be limited to a maximum of 5 mm to insert the
endoscope into the spinal canal using the FE IL ap-
proach. In applying the FE TF approach, the Ligamen-
tum flavum does not need to be opened. The reduction
in operation time, traumatization and operation-
related sequelae in the FE-group is also found in com-
parison to the literature.80,111,112,114,116 –120,133 Al-
though all patients underwent surgery after the
induction of general anesthesia in the present study, the
use of local anesthetic is also possible.26,32–34,72,134

The goal of surgical treatment of lumbar disc hernia-
tions is sufficient decompression with minimization of
operation-induced traumatization and its consecutive se-
quelae. Overall, no disadvantages were found in this
study in using the FE technique. The clinical results af-
ter 2 years were equal to those of the microsurgical
group. This has been taken as the minimum prerequi-
site for new techniques. At the same time, there are
advantages in the operation technique and minimally-
invasive procedure around the access and the spinal
canal structures.

With the surgical devices and the possibility of select-
ing an IL or posterolateral to lateral TF procedure, lum-
bar disc herniations outside and inside the spinal canal
can be sufficiently removed using the FE technique, when
taking the appropriate criteria into account. We view FE
surgery as a sufficient and safe supplementation and alter-
native to microsurgical procedures. This is a minimally-
invasive surgery technique for discectomy, which has
long been a validated and established standard proce-
dure. The present study was compared with the most
frequently-performed standard microdiscectomy. This is
also performed with smaller access using tubular-
retractor systems.

In our opinion, the following advantages are offered:
facilitation for the operator due to excellent visualiza-
tion, good illumination, and expanded field of vision
with 25° optics; cost-effective procedure due to short
operating time, rapid rehabilitation and low postopera-
tive costs of care; reduced anatomic trauma; facilitation
of revision operations; monitor image as training basis
for assistants. The following must be considered disad-
vantages: limited possibility of extending the approach
in the event of unforeseen hindrances; in the TF tech-
nique, the theoretically elevated risk of injury to exiting
nerve; and high learning curve.

Attention must be paid especially to the last point of
the demanding learning curve in order to avoid compli-
cations. Prior observation of/assisting at procedures and
workshops with practice on cadavers could be meaning-
ful. Strict adherence to the indication criteria for the ap-
propriate FE access is necessary. “Simple” cases should
be operated to begin with, in which no difficulties are to
be expected thanks to the anatomic situation. The possi-
bility of intraoperative switch to a standard procedure is
helpful if problems are encountered. Nonetheless, it must
be remembered that difficulties can never be ruled out
during the learning curve.

Key Points

● The clinical results of the full-endoscopic tech-
nique are equal to those of the microsurgical tech-
nique. At the same time, there are advantages in the
operation technique and reduced traumatization.
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● With the surgical devices and the possibility of
selecting an interlaminar or posterolateral to lat-
eral transforaminal procedure, lumbar disc hernia-
tions outside and inside the spinal canal can be
sufficiently removed using the full-endoscopic tech-
nique, when taking the appropriate criteria into
account.
● Full-endoscopic surgery is a sufficient and safe
supplement and alternative to microsurgical proce-
dures.
● Open and maximally-invasive procedures are
necessary in spinal surgery and must be mastered
by surgeons so that they also overcome problems
and complications encountered when performing
full-endoscopic procedures.
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Brock M, eds. Advances in Neurosurgery 1977;7:74–7.

10. Gottlob C, Kopchok G, Peng SH, et al. Holmium:YAG laser ablation of
human intervertebral disc: preliminary evaluation. Lasers Surg Med 1992;
12:86–91.

11. Hijikata S. Percutaneous dicectomy: a new treatment method for lumbar
disc herniation. J Toden Hosp 1975;5:5–13.

12. Kambin P, Gellman H. Percutaneous lateral discectomy of the lumbar
spine: a preliminary report. Clin Orthop 1983;174:127–32.

13. Maroon JC, Onik G, Sternau L. Percutaneous automated discectomy: a new
approach to lumbar surgery. Clin Orthop 1989;238:64–70.

14. Smith L, Garvin PJ, Gesler RM, et al. Enzyme dissolution of the annulus
pulposus. Nature 1963;198:1311–2.

15. Goald HJ. Microlumbar discectomy–Follow-up of 147 patients. Spine
1978;3:183–5.

16. Goald HJ. Microlumbar discectomy: follow-up of 477 patients. J Micro-
surg 1981;2:95–100.

17. Wilson DH, Kenning J. Microsurgical lumbar discectomy: preliminary re-
port of 83 consecutive cases. Neurosurgery 1979;42:137–40.

18. Forst R, Hausmann G. Nucleoscopy: a new examination technique. Arch
Orthop Trauma Surg 1983;101:219–21.

19. Kambin P, Casey K, O’Brien E, et al. Transforaminal arthroscopic decom-
pression of the lateral recess stenosis. J Neurosurg 1996;84:462–67.

20. Kambin P, O’Brien E, Zhou L, et al. Arthroscopic microdiscectomy and
selective fragmentectomy. Clin Orthop 1998;347:150–67.

21. Kambin P, Sampson S. Posterolateral percutaneous suction-excision of her-
niated lumbar intervertebral discs: report of interim results. Clin Orthop
1986;207:37–43.

22. Kambin P, Zhou L. History and current status of percutaneous arthroscopic
disc surgery. Spine 1996;21:57–61.

23. Kambin P. Arthroscopic Microdiscectomy. Baltimore: Urban & Schwar-
zenberg; 1991.

24. Knight MT, Vajda A, Jakab GV, et al. Endoscopic laser foraminoplasty on

the lumbar spine–early experience. Minim Invasive Neurosurg 1998;41:
5–9.

25. Lee SH, Lee SJ, Park KH, et al. Comparison of percutaneous manual and
endoscopic laser discectomy with chemonucleolysis and automated nucle-
otomy. Orthopade 1996;25:49–55.

26. Lew SM, Mehalic TF, Fagone KL. Transforaminal percutaneous endo-
scopic discectomy in the treatment of far-lateral and foraminal lumbar disc
herniations. J Neurosurg 2001;94:216–20.

27. Mathews HH. Transforaminal endoscopic microdiscectomy. Neurosurg
Clin North Am 1996;7:59–63.

28. Mayer HM, Brock M. Percutaneous endoscopic discectomy: surgical tech-
nique and preliminary results compared to microsurgical discectomy.
J Neurosurg 1993;78:261.

29. Savitz MH. Same-day microsurgical arthroscopic lateral-approach laser-
assisted (SMALL) fluoroscopic disectomy. J Neurosurg 1994;80:1039–45.

30. Siebert W. Percutaneous nucleotomy procedures in lumbar intervertebral
disk displacement. Orthopade 1999;28:598–608.
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